A generalized theory of electroweak interaction is developed based on the underlying geometrical structure of the tangent bundle with symmetries arising from transformations of tangent vectors along the fiber axis at a fixed space-time point, leaving the scalar product invariant. Transformations with this property are given by the SO(3, 1) group with the little groups SU (2), E c (2) and SU (1, 1) where the group E c (2) is the central extended group of the Euclidian group E(2). Electroweak interaction beyond the standard model (SM) is described by the transformation group SU (2)⊗E c (2) without a priori introduction of a phenomenologically determined gauge group. The Laplacian on this group yields the known internal quantum numbers of isospin and hypercharge, but in addition the extra E c -charge κ and the family quantum number n which explains the existence of families in the SM. The connection coefficients deliver the SM gauge potentials but also hypothetical gauge bosons and other hypothetical particles as well as candidate Dark Matter particles are predicted. It is shown that the interpretation of the SO(3, 1) connection coefficients as elctroweak gauge potentials is compatible with teleparallel gauge gravity theory based on the translational group.
Introduction
The formal equivalence of gauge theories with the geometry of fiber bundles has been recognized since the 1960s [1] [2] [3] [4] [5] . In the fiber bundle formalism, gauge potentials are understood as a geometrical entity -the connections on the principal bundles, and matter fields are described by associated fiber bundles. The geometrical interpretation of gauge theories by the mathematical fiber bundle theory is a beautiful and mathematically profound concept. However in earlier investigations the transformation groups of the fibers were taken from the phenomenologically determined internal gauge groups of the Standard Model (SM). Therefore, up to now the fiber bundle interpretation delivers mainly a re-interpretation of the gauge fields and it turned out to be mainly an issue for mathematical physics and less for elementary particle theory.
In this paper we consider as a general hypothesis that the fundamental physical interactions can be described within the geometrical structure of the most fundamental fiber bundle -the tangent bundle, and gauge transformations can be identified with transformations at a fixed spacetime point along the tangent vector axis. This means the gauge group is not assumed by phenomenological reasons but arises self-consistently from the invariance of the scalar product with respect to tangent fiber transformations described by the group SO (3, 1) . Since the action of this group is not transitive, the vector space decomposes into different orbits and the most general (projective) irreducible representations of SO(3,1) can be constructed by the little groups SU (2), E c (2) and SU (1, 1) where the group E c (2) is the central extended Euclidean group. Based on differential geometry on the tangent bundle with covariant derivatives determined by the generators of the transformation group G = SU (2) ⊗ E c (2) and corresponding connection coefficients (gauge potentials) a generalized theory of the electroweak interaction is derived. In addition to the internal quantum numbers (IQN) of isospin and hypercharge, the E c -charge κ and the family quantum number n arise which could elucidate the existence of families in the SM. In this approach the known Z and W ± gauge bosons can be found again but in addition new extra E c and B ± gauge bosons and other hypothetical particles are predicted. A notable feature of the theory presented is the possibility of identifying candidate stable or unstable hypothetical Dark Matter (DM) vector bosons, DM scalars and DM fermions with zero hypercharge and zero isospin but nonzero E c -charge κ = 0. Here we present only the basics, specific in-depth observable consequences are beyond the present paper. Note that the more general transformation group SO(3, 1) ⋊ T (3, 1) (where T (3, 1) is the translational group and ⋊ represents the semi-direct product) includes teleparallel gravity into the tangent bundle geometry based on translational transformations T (3, 1) of the tangent fibers. According to this approach the interpretation of the SO(3, 1) connection coefficients as electroweak gauge potentials is compatible with teleparallel gauge gravity theory which is fully equivalent to Einstein´s general relativity theory.
Differential geometry on the tangent bundle
At the beginning we start with a brief description of the geometry of the tangent bundle on a manifold (see e.g. [6] ).The tangent space T x (M ) at the point x on the space-time manifold M is the set of all tangent vectors spanned by frame vectors in the coordinate basis e µ = ∂ µ (µ = 0, 1, 2, 3). The tangent bundle is the union of all tangent spaces at all points x of the manifold M : T M = x∈M T x (M ). In coordinate description a point in T M is described by the numbers of pairs u = (x, v) with x = {x 0 , x 1 , x 2 , x 3 ) as the coordinates of the spacetime manifold and v = {v 0 , v 1 , v 2 , v 3 ) are the coordinates of the tangent vectors. Thus the tangent fiber bundle geometry introduces four additional variables v for the description of the tangent fiber. To aid understanding, it is convenient to consider M as a Pseudo-Riemannian spacetime manifold with indefinite metric g µν (x). Besides the frame vectors in the coordinate basis e µ = ∂ µ (µ = 0, 1, 2, 3), one can introduce the tetrads as another geometric object on the tangent space:
Each vector described in the coordinate basis e µ = ∂ µ can be expressed by a vector with respect to the tetrad frame basis e a according to the rule
The subscript a, b, .. numbers the vectors (a, b = 0, 1, 2, 3) and µ their components in the coordinate basis. The dual basis of the frame fields e a are cotangent frame 1-forms e a = e a µ dx µ satisfying the orthogonality relation e µ a (x)e a ν (x) = δ µ ν . By using the tetrads of the pseudoRiemannian manifold, the scalar product of two vectors gets the form of a Lorentzian manifold:
where η ab = diag(−1, 1, 1, 1) is the metric of the Minkovski space. The geometric properties of manifolds are usually related to the invariance of certain geometrical structure relations under the action of certain transformation groups. The definition of the scalar product (3) is the governing structure relation defining the geometry of the tangent bundle. Tangent vectors manifest two kinds of transformations which do not change the scalar product in (3) . Under general coordinate transformations of the spacetime manifold
On the other hand, the vector components in the tetrad frame basis remain unchanged:
A second type of transformations exists that does not change the scalar product. These are transformations at a fixed point x of the spacetime manifold M transforming the tangent vectors along the tangent fiber directions as follows:
where T a b (x) are matrices satisfying the conditions
On the other hand, the tangent vectors which refer to the coordinate frame remain unchanged:
The transformation group of tangent vectors along the tangent fiber is the SO(3, 1) group of special linear transformations, with matrix elements T a b (x) ∈ SO(3, 1) depending on the spacetime point x as a parameter.
Note that the transformation of the tangent vectors by the group SO(3, 1) is not the most general transformation. Actually, the fact that the group SO(3, 1) leaves the scalar product of tangent vectors invariant is not sufficient because we need the infinitesimal tangent vector line elements to be invariant.
This allows us to add constant translations to the transformations in (4):
and leads to the more general transformation group SO(3, 1) ⋊ T (3, 1). Poincare transformations and the transformation group (6) of tangent vectors T M N (x) in the tetrad basis are described by the same group SO(3, 1) ⋊ T (3, 1) but both have principal different geometrical and physical meaning: the first transforms the coordinates of a flat spacetime manifold while the second describes transformations within the tangent fiber F = T x (M ) leaving the spacetime point x unchanged.
Connections on the Tangent Bundle and Teleparallel Gauge Gravity Theory
The geometric construction of tetrads is closely linked to the conceptional basis of gravity theories and its extensions to gravity gauge theories. To facilitate a proper understanding of the underlying geometric structure and a unified description including gravity we first consider the general inhomogenous transformation group SO(3, 1) ⋊ T (3, 1) and its relationship with gravity. Differential geometry on the tangent bundle can be obtained using the general rules for principal fibre bundles P (M ; G) requiring the definition of connections and covariant derivatives on the bundle. The definition of a covariant derivative demands to consider vectors which point from one fiber to the other at different points x and x´of the spacetime manifold. The generators L a of the group G are vertical vectors pointing along the fiber and therefore belong to the vertical subspace V u (P ).Vectors which point away from the fiber, i.e. elements of the tangent space of the fiber bundle T u (P ) that complement the vertical vectors in V u (P ) can be constructed by the definition of a connection as an assigment to each point in the principle fiber [7, 8] such that
The definition of a connection can be used for the definition of a covariant differentiation along the curves horizontally lifted to the principal bundle:
where
is the covariant derivative on the principal fiber bundle. L a are the right-invariant fundamental vector fields (generators) on the group manifold G = {g ij } and A a µ the connection coefficient of the group G. A connection on a principal bundle induces a connection on the associated bundle. The covariant derivative on the associated bundle is given by (9) substituting the generators L a by the left-invariant fundamental vector fields on the section of the associated bundle which describe matter fields.
The geometric transformations of tangent vectors in a tangent bundle are described by the group G = SO(3, 1) ⋊ T (3, 1). According to (9) the covariant derivative along the horizontal lifted curve on the principal bundle P (M ; G) of this group is given by
where M ab are related with the 6 generators of the group SO(3, 1) with J a = ǫ abc M bc , K a = −M oa and P a are the generators of the translational group T (3, 1). Here ω a .µ and Ω ab ..µ are connection 1-forms of the T (3, 1) and SO(3, 1) group, respectively. The total field strength tensor can be defined as
with the torsion tensor
and the curvature tensor
Through contraction with tetrads, tensors can be transformed to spacetime indexed forms as e.g. Parallel transport of a tangent vector v a from a point x in the spacetime manifold to a neighboring point x´is defined by the covariant derivative
where Ω a .µb is denoted as frame connection. On the other hand the covariant derivative of vectors which refer to the coordinate basis can be written as
with the coordinate connection Γ 
For the description of gravity tetrads e ν b and a specific coordinate connection Γ ρ .µλ has to be defined. For a manifold with vanishing metricity described by the condition
where Γ ρ .µν is the Levi-Civita connection and K ̺ .µν is the contortion tensor
with the torsion tensor T (16) . On the other hand based on the symmetry with respect of translational transformations of tangent vectors a gauge theory of gravity has been developed by analogy with internal symmetries [9] [10] [11] [12] . This gauge gravity theory corresponds to the teleparallel gravity theory, which is an alternative but equivalent formulation of the GTR describing the very same gravitational field. In teleparallel gravity, the torsion is non-vanishing, acting as a gravitational force while the curvature R a .bνµ vanishes identically.The translational connections ω a µ and the tetrad coframe e a µ turn out to be conceptional distinct entities [15] , since it does not transform inhomogeneous with a gradient term under gauge transformation. The coframes depend on the translational connection in the form e
is a coset vector. Locally at a given point x on the spacetime manifold one can transform D µ ξ a into δ aµ (where δ is the Kronecker symbol). Note that the coframe e a µ induce a metric as an independent dynamically quantity. In the geometry of teleparallel gravity the coordinate connection Γ ρ .µλ takes the form of the Weizenböck connection Γ
If we consider only gravitational effects with the choice of the Weizenböck connection in teleparallel gravity a vector is parallel transported if its projections on the tetrads is proportional, regardless the path connecting both tangent spaces. This can we see from (15) with the substitution of Γ
In teleparallel gravity the connection coefficients Ω a .bν represents a pure inertial effect [12] where Ω a .bν is the spin connection in teleparallel gravity. There exist a class of inertial frames in which Ω a .bν vanishes: Ω a .bν = 0. The Weizenböck torsion can be used to build up the Lagrangian of teleparallel gravity with quadratic Weizenböck scalars [9, 12] , given by
where h = det(e a µ ) and
The Lagrangian is up to a divergence equivalent to the Lagrangian of Einstein´s GTR, this means both theories are simply alternative formulations for the description of gravity but are based on different principles.
A principal bundle P (M ; G) encodes the essential data of gauge transformations and the frame connection Ω a .bν and ω a .µ are additional structure functions that are attached to it and are in general independent defined on the existence of a metric ( [7, 8] ). If the structure group G = SO(3, 1) ⋊ T (3, 1) is restricted to the translational subgroup T (3, 1) equ. (12) and (13) If Ω a .bµ do not vanishes we find from (13) a non-Abelian field strength tensor which in teleparallel gauge gravity theory based on the translational symmetry is not related to gravity. In this paper the main hypothesis is elaborated that non-Abelian fields in electroweak interaction can be identified with the connection coefficients Ω a .bµ arising from transformations along the tangent fiber axis described by the group SO(3, 1).This interpretation differs from Poincare gravity gauge theory based on the localization of the Poincare group as gauge group [13] (for a review see [14] ). In this theory both the translational part and the rotational part of the local Poincare group is related with gravity leading to a hypothetical generalized gravity theory, denoted as the Einstein-Cartan gravity theory.
4. The generators on the little groups From now on we neglect gravity arising from the translational part a a (x) of the transformation of tangent vectors in (6) . Since the action of SO(3, 1) on a tangent vector is not transitive, the vector space decomposes into different orbits with the little groups SO(3), E(2) and SO (1, 2) . The unitary representations T L (g) of the little groups SO(3) and E(2) are well known. The composition law of these so-called vector representations
and encodes the law of group transformations on the set of vector states. However it is known that this composite law is too restrictive and leads in special cases to certain pathologies, as e.g. the Dirac equation is not invariant under the Poincare group, but under its universal covering group. In quantum theory the physical symmetry of a group of transformations on a set of vector states has to preserve the transition probability between two vector states |≺ Φ, T L (g)Ψ ≻| 2 = |≺ Φ, Ψ ≻| 2 . Therefore as shown by Wigner [16] and systematically studied by Bargman [17] the problem of pathologies can be solved if the above given composite law is replaced by a weaker one:
is a complex-valued antisymmetric function of the group elements with |ε(g 1 , g 2 )| = 1. Such representations are called projective representations. For the case of simply connected groups like the rotation group SO(3) projective representations are obtained by replacing the group SO(3) by its universal cover SU (2). However in the case of the Euclidean group E(2) the covering group is not enough, one has to substitute this group by a larger group: the universal central extension E c (2) which includes in addition to the group elements of E(2) the group U (1) of phases factors ε(g 1 , g 2 ) with| ε(g 1 , g 2 ) |= 1. In general a central extension G c of a group G with elements (g,ς) ∈ G c and g ∈ G, ς ∈ U (1) satisfy the group law [17] 
where ξ(g 1 , g 2 ) is the 2-cocycle satisfying the relation
T ∈R 2 } is a semi-direct product of translations and rotations of the two-dimensional Euclidian plane. Since the invariant subgroup SO(2) is abelian this group is not semi-simple and not compact and the unitary representations are infinite dimensional. The representations of the group E(2) constructed on the space of functions f (ξ) are well known. The action of the group E(2) with g = (α, a), a = (a 1, a 2 ) on a vector Z = (ϕ, ξ 1 , ξ 1 ) is given by:
The most general (projective) representations of E (2) can not be obtained from its universal covering group but by the central extended group E c (2). This group has been studied previously as e.g. in [17] [18] [19] . The central extension embodies in addition a U(1) subgroup characterized by a complex parameter ζ = exp(iω). E c (2) consists of elements (α, a,ω) with (α, a) ∈ E(2), ω∈R. The action of the group E c (2) on a vector Z = (ξ 1 , ξ 2 , β) is described by [17] [18] [19] .
where m(α, a,ϕ, ξ) is the two-cocycle which gives the desired central extension parametrized as
By using of (23) and (24) we can find the infinitesimal transformations and the generators of the Lie algebra given by which satisfy the communication rules
Of particular interest are the generators on the group E c (2) :
The group Laplacian (Casimir operator) is determined by
To derive a canonical basis we use the eigenfunction of T 3 and the Laplace operator ∆ of E c (2). Using polar coordinates ξ 1 = ξ cos φ, ξ 2 = ξ sin φ and h nmκ (ξ, β, φ) = exp(iκβ)(exp(imφ)g nmκ (ξ) we find with the Laplacian (28) the following equation for g nmκ (ξ) :
With the solutions of (29) we find for h nmκ (ξ, β, φ)
with [20] . The group E c (2) is isomorphic to the quantum harmonic oscillator group studied e.g. in [21] .
The special eigenvalue κ = 0 plays a particular role. The solution of (29) for κ = 0 is given by
and agrees with the results for the group E(2). J |m| (x) are the Bessel functions. The eigensolutions fall into two classes: the continuos series with ρ 2 = 0 and the discrete series with ρ 2 = 0 and eigensolutions
As described later the generator T 3 corresponds to the hypercharge generator in the SM. It is convenient to introduce for T 1 and T 2 the generators
The action of the operator T + on the eigenfunctions g nmκ increases the hypercharge from m to m + 1, but simultaneously generates states with different family numbers n:
,κ . Corresponding the generator T − reduce the hypercharge:
and B i are coefficients, respectively. The operator product (T − T + + T + T − ) on the eigenfunctions is given by
The generators J 1 , J 2 , J 3 on the group SU (2) are well-known and, by using the Laplacian ∆ = (J ) on this group, all finite-dimensional representations can be found (see e.g. [22, 23] . The application of the operators J ± = 2 −1/2 (J 1 ± iJ 2 ) and J 3 on the eigenfunctions of the Laplacian ∆ leads to
where j = (−j 3 . − j 3 + 1, .., j 3 ) are the isospin quantum numbers, j 3 is the projection on the third isospin axis. Besides we find
with q W = [j(j + 1) − j
5. Quantization on the tangent bundle with the transformation group SU (2)⊗ E c (2) According to the above described orbit decomposition the covariant derivative (10) with ω a µ = 0 can be rewritten for the group SU (2)⊗E c (2) as 
Here θ W is the Weinberg angle,
1/2 , e = g cos θ W sin θ W and the mixing angle θ D is defined by tan 2θ
.The covariant derivative can be rewritten as (40) with
The following operators are introduced 
For the W ± bosons carrying the iso-spin number j 3 = ±1 we get
Besides, additional hypothetical gauge bosons B ± with hypercharge m = ±1 are predicted with the gauge field strength
Any scalar function Φ(x, z) defined on the fiber bundle can be expanded into the form
) with the IQNs M = (n, m,κ, j, j 3 ) depending on the coordinates of the spacetime manifold x and the eigenfunctions χ M (u) = h lmκ (ξ, φ, β)f jj3 (z 1 , z 2 ) of the Laplacian of the group SU (2)⊗ E c (2) defined by (30) and (37) .
In the quantum-field theoretical approach oneparticle states of the fermion Dirac field
) labeled by the three-momentum p are described on the tangent bundle by (50) where the index s characterizes the helicity s = {L, R} and K = {M, p, s}. a f K (t) is the annihilation operator for a particle in the interaction representation, b †f K (t), the antiparticle creation operator satisfying the anticommutation rules. E * . The general structure of the theory based on the TB suggest an identification of an elementary particle as a state with specific internal quantum numbers M analogous as in quantum mechanics of atoms discrete quantum states with different quantum numbers and energy levels exist. Therefore we do not fix the particle content from the beginning but let the existence of "exotic" particles open which do not appear in the SM and are not observed so far. The potential observation of such particles depends on its parameters as mass and lifetime, but also on selection rules as discussed later.
The dependence of the quantized field operators (50) on the eigenfunctions χ M (u) and on the coordinates u of the tangent vectors is a specific trait of the here presented approach based on the underlying geometric structure of the TB. The internal symmetries arise here from the inherent geometrical symmetries of the TB in an analog way as symmetries in quantum mechanics originate from spacetime symmetries in a given physical system. This differ in a principle way from standard QFT, therefore we denote the here presented theory as Tangent Bundle Quantum Field Theory (TB-QFT).
The total Lagrangian can be presented by
Here the Lagrangian of fermions L f is defined in the chiral representation as
with s = {L, R} and σ
The Lagrangian of scalar fields Φ S becomes (41)-(44). In (53) the SM self-
with s = R and s´= L. The self-interaction term V (Φ S ) and L Y uk do not arise in the tree level approximation but are included by phenomenological reasons in the same way as in the SM. A microscopic foundation of these phenomenological terms is an unsolved problem in the SM as well as in the here presented approach. With (53) we find for the SM Higgs particle Φ H with m = 1, j 3 = − The Lagrangian L g of the gauge bosons is given by
with field strength tensors as defined in (45)-(49). Inserting the expansion (50) into the fermion Laplacian (52) the Hamiltonian is easy to build with an interaction term with gauge particles g. For the unperturbed fermion Hamiltonian we get
with P = {M, p, s} and with the one-particle energy ǫ p =| p |.For the interaction Hamiltonian H f I one gets
Here we introduced the matrix elements
with the integration measure dµ(u) = dµ SU(2) dµ E c , dµ SU(2) = (16π 2 ) −1 sin θdθdψdϕ and dµ E c = (4π 2 ) −1 ξdξdφdβ. The compact representation (48) includes both electromagnetic interaction with gauge boson g = A, weak interaction with g = Z and g = W ± as well as interaction with the gauge boson g = E c with the charge operator Q E c . In addition to isospin I and hypercharge m the E c -charge κ and the family quantum number n exist. In difference to the SM the three lepton families are differentiated not only by mass, but now it find a deeper explanation by the additional family quantum number n for a non-zero E c -charge κ. From the matrix elements (60) selection rules can be derived for the interaction of a fermion with a certain IQN with an another via an intermediate gauge boson. If the value of the integral I
is zero the interaction is forbidden. These selection rules arise in a similar way as the selection rules in atomic systems if the transition moment integral is vanishing and constrains the possible transitions of a system from one quantum state to another. The operators Q, Q Z , Q W ± and Q E c do not change the family number n. From (60) we see that leptons couple only to gauge boson states with κ = 0 and therefore we find for the matrix element I g Mg M f N f = 1. This means family universal electroweak coupling to leptons with gauge bosons exist also in this extension of the SM for the electroweak interaction and the interaction via the E c boson. The operator Q B ± shift the hypercharge by one units. Since right and left-handed leptons carry different isospin components j 3 the matrix element (60) vanishes for g = B ± , this means that despite that B ± bosons carry hypercharge its coupling of leptons is not allowed. Note that a violation of lepton universality could arise via the interaction with E c bosons if different lepton families carry different E c charges κ as e.g.. κ = +1 and κ = −1 . The interaction Hamiltonian of scalar particles in the unitary gauge is described by
Here we introduced the symbols
,σ} and the matrix elements
In contrast to the coupling to fermions the coupling of scalar particles to B ± bosons is allowed. If exotic gauge bosons with non-zero E c -charge κ = 0 exist they can also couple to scalar particles, but they do not couple to fermions.
The possible existence of E c −bosons leads to a fundamental fifth interaction. The parameter space of E c mass and mixing angle θ D or the coupling coefficient g 3 is constrained by existing data from lepton anomalous magnetic momenta, beam dump experiments and others, and can be found analog to that for U´(1) extended models (see. e.g. [24] [25] [26] ). Much of these data hints to the assumption that the coupling coefficient g 3 and the mixing angle θ D are very small with g 3 ≺ 10 −3 , θ D ∼ = g 3 /g ≺ 10 −3 . This means that the fifth fundamental interaction mediated by the E c -boson is much weaker than the SM weak interaction. As seen in (57)-(63) the E c −charge κ of leptons or scalars also affect the weak interaction with the SM Z bosons, but its influence is highly suppressed since g 3 θ D ≺ 10 −6 . The very small coupling between SM particles and the extra gauge boson is the reason that their effects are too feeble to be observed so far. Note that the existence of new vector bosons is a common feature of many extensions of the SM (for a review see [27] ). In particular models with an extra gauge group U´(1) are studied in large number of papers (see e.g. [27] [28] [29] [30] ).
Dark Matter candidates
Astrophysical and cosmological observations show that the largest part of matter in our universe is constituted by unknown non-luminous particles denoted as Dark Matter (DM) that have a very weak interaction with the visible sector of the universe. Such particles do not exist in the SM, but there are many attempts for an extension of the SM with possible DM candidates such as Weakly Interacting Massive Particles (WIMPs), sterile neutrinos, the lightest neutralinos in super-symmetric models, axions (see e.g. [31, 32] ) or in the Dark Sector Model [26] . One of the most notable feature of the generalization of the SM by the gauge group SU (2)⊗ E c (2) is the possibility that dark matter candidates lie within the new gauge sector. An obvious way for the assignment of the IQNs to left-and right-handed Dark Fermions and Dark Scalars can be made by the choice of zero hypercharge (m = 0) and isospin (j = 0) but non-zero E c -charge κ = 0. As a result one can expect that similar as SM leptons DM fermions and DM scalars are grouped in families with the IQN n = 1, 2, 3. According to (30) the eigen functions oft the Laplacian on the group SU (2) ⊗ E c (2) with j = m = 0 take the form
Dark vector gauge bosons
In the present approach new vector bosons E c and B ± arise naturally by the geometric TB symmetry described by the group E c (2). These particles can be interpreted as DM vector gauge bosons. If the SM Higgs carry the IQN κ = 1, the E c and B ± gauge boson yields a mass as discussed in chapter 5. The E c gauge boson is not completely decoupled from the SM particles, according to (57) there is a coupling of the new E c −boson to SM leptons without the assumption of kinetic mixing. Despite that B ± µ bosons carry hypercharge due to the selection rule (60) the interaction with leptons is forbidden but as seen in (63) its coupling to scalar particles is allowed.
From (45) - (49) we can see that the DM vector bosons with the gauge potentials E c µ and B ± µ interact with each other but also with the SM gauge bosons A, Z and W ± . Note that the hypothesis of self-interacting DM (in contrast to collisionless cold Dark Matter) enables to resolve a number of conflicts between observations and predictions of collisionless DM simulations [33, 34] and has also been assumed as light thermal DM relicts [35] .
There exists an additional possibility to identify a new class of hidden DM vector bosons. As explained before coupling of all gauge bosons to fermions only arise if the gauge bosons carry the E c charge κ = 0. However in principle in addition to gauge boson states with E ccharge κ = 0 also gauge boson states with E c -charge κ = 0 could exist. Such hypothetical exotic gauge particles do not interact with fermions but the coupling to scalar particles is allowed.
Dark scalars
In contrast to SM Higgs particles with zero electric charge there do not exist fundamental DM scalars (with m = j = 0) with zero E c -charge. Such scalar particles can only exist as bound particles with opposite E ccharges. The Lagrangian of DM scalars with j = 0, m = 0 but nonzero κ = 0 is given by
The coupling of a DM scalar particle to gauge bosons g = (E c , Z, B ± ) is described by the matrix elements (63) and with the eigenfunctions χ Albeit on a different theoretical basis, the described predictions show some analog features that arise in a much discussed scenario for DM physics denoted as the Dark Sector, which can be considered as an alternative to the WIMP scenario (see e.g. [26, [37] [38] [39] [40] [41] ).The Dark Sector hypothesis assumes that DM interact only through a new U D (1) force with a hypothetical "dark photon" as gauge boson with the gauge potential X µ . Ordinary SM particles are not charged under the new extra gauge symmetry U D (1) and therefore SM matter with DM particles do not interact directly but can interact indirectly via a kinetic mixing term in the Lagrangian. Kinetic mixing cannot arise in the tree-level approximation but can be generated in quantum loop approximation of heavy fields charged under two separate U(1) fields with field tensors F µν and X µν [38] . In this model the Lagrangian has a kinetic mixing term ǫX µν F µν with a parameter ǫ which can be in the order of ǫ ∼ 10 −8 − 10 −2 . One can remove the kinetic mixing term by a redefinition of the electromagnetic potential A µ → A µ + ǫA´µ,which generates a coupling of the dark photon X µ to the SM electromagnetic current: eǫX µ J µ em . A comparison of the here presented approach with the dark sector model shows some common properties but also clearly distinct features. In particular, due to the existence of lepton families SM leptons are E c −charged with κ = 0 and therefore coupling between SM particles and DM particles arise directly in the tree-level via the interaction with the E c −gauge boson and not only in quantum loop approximation by kinetic mixing. The E c boson is not only a mediator between the dark sector and the SM sector, but the interactions between SM particles are also influenced by the E c −potential representing a fifth force. .
Conclusions
The present paper is based on the hypothesis that the tangent bundle is the underlying geometrical structure for the description of the fundamental physical interactions. The internal (gauge) symmetries are not inserted as an extra theory constituent given externally a priory by phenomenological reasons like in the SM but come out from the inherent geometrical structure of the TB with symmetries described by the group SO(3, 1) . Projective irreducible representations of this group can be constructed by using the little groups SU (2), E c (2) and SU (1, 1). Using the covariant derivative given by the operators on the transformation group G = SU (2) ⊗ E c (2), and the corresponding connection coefficients (gauge potentials) a generalized theory of the electroweak interaction is derived. In this approach wave functions depend on the space-time coordinates x as well as on the coordinates of the tangent fibers v. The known SM Z and W ± gauge bosons can be found again but in addition new extra gauge bosons E c and B ± are predicted which constitute a fifth fundamental interaction. In addition to the SM quantum numbers of isospin and hypercharge there exist the E c -charge κ and the family quantum number n which explains the existence of lepton families. The existence of families requires that leptons carry a non-zero E c -charge κ = 0. In contrast, SM gauge bosons carry zero E c -charge κ = 0. The derived selection rule reveals that family universal coupling of leptons persists for the interaction with A, Z and W ± gauge bosons but also for the allowed interaction with the E c boson. However a violation of lepton universality could arise via the E c boson interaction if different SM lepton families carry different E c charges κ . The interaction of leptons with the B ± boson is forbidden but its coupling to scalar particles is allowed. If the SM Higgs carry the IQN κ = 1 the mass of the B ± boson can be estimate to be M B ± ≃ 227.5GeV and analogous as lepton families also Higgs families should exist. The mass of the E c boson is determined by the coupling coefficient g 3 with M E c = Φ 0 2 √ 2g 3 . A notable feature of the theory presented is the possibility of identifying candidate stable or unstable hypothetical DM fermions and DM scalars with zero hypercharge and zero isospin but non-zero E c -charges κ = 0 which should grouped in different families with different family numbers n = 1, 2, 3 analogous as leptons.
Finally, the approach presented could open-up an extended prospect and a step towards the solution of the long-standing problem of the unification of all fundamental interactions on a geometrical basis. The tangent bundle is the geometrical fundament for teleparallel gravity gauge theory based on translational transformations of tangent vectors along the fiber axis [9] [10] [11] [12] . That is, the more general symmetry group SO(3, 1) ⋊ T (3, 1) in the TB contains both gravity and the generalized electroweak interaction with the inclusion of candidate Dark Matter particles as predicted here. Therefore gravity and electroweak interaction are described by the same fundamental geometrical structure of the TB. Note that strong interaction is in this scenario still missing. However there exists a surprising analogy of fractional charged quarks with the anomalous Quantum Hall effect. In addition to the analog effect of fractional charge quantization the eigenfunctions of the group E c (2) in (25) have the same
